Introduction
Resective surgery for focal epilepsy is an established treatment alternative in carefully selected patients with drug resistant epilepsy. 1 The majority of the epilepsy surgery candidates are young adults. 1, 2 There has been a rather widespread opinion that resective surgery for focal epilepsy is not as worthwhile in older patients as it is in the younger. Some studies have suggested that older patients may have a reduced chance of becoming seizure free and may have a greater risk of medical and surgical complications and also of further cognitive impairment. [3] [4] [5] [6] [7] These notions may worry patients as well as referring physicians and neurologists. However, a limited number of studies directly address the issue of the effectiveness of epilepsy surgery in older patients, the studies are heterogeneous and the results from them are conflicting. We have identified only ten studies that directly address outcomes of epilepsy surgery in older adults, comprising less than 250 individuals. Overall the older adults represent 3-29% of cases in the published series. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] For a summary of the findings from earlier studies, see Table 1 .
The definition of what is considered 'older patients' or 'elderly' in these studies varies from 45 years or older to over 60 although most use the cut-off 50 years or more. Conventionally, ''elderly'' has been defined as a chronological age of 65 years or older, while those from 65 through 74 years old are referred to as ''early elderly'' and those over 75 years old as ''late elderly''.
14 Why people Seizure 23 (2014) [641] [642] [643] [644] [645] with epilepsy are considered elderly already at the age of 50 is not clear and contrasts to most other disorders. Certainly patients around 50 years old are in mid-life and should not on unclear grounds be denied the possibility of surgical treatment for drug resistant epilepsy. It is important, however, to clarify the benefits and risks in order to be able to provide adequate counselling. The aim of this study was to describe patient characteristics and to evaluate the efficacy of surgery in patients 50 years or more who had epilepsy surgery in Sweden due to drug resistant focal epilepsy and who have been followed up two years after surgery. We analysed data from the population based Swedish National Epilepsy Surgery Register for all patients who had resective epilepsy surgery1990-2009 and compared seizure outcome, histopathological diagnoses, complications and vocational outcome for adults 50 years or more at surgery with the corresponding outcomes of younger adults.
Methods
The Swedish National Epilepsy Surgery Register collects data from all six centres in Sweden performing epilepsy surgery. Every epilepsy surgery procedure in Sweden is prospectively reported from a defined start of the assessment. The register was initiated in 1990 by the Swedish Board of Health and Welfare as a quality control register and is controlled by the Swedish Data Inspection Board. All patients whose data are included in the register have given their informed consent. The register protocol includes data on the patients' social situation, epilepsy history, preoperative seizure situation, and preoperative antiepileptic drug (AED) medication as well as co-existing neurological deficits or impairments. Further items include investigational findings, side and site of the operation, histo-pathological diagnoses, complications during the pre-surgical evaluation or at surgery, and a two-year follow-up of seizure outcome, AED medication and psychosocial data. Since 2005 long-term follow-ups at five, 10 and recently also 15 years have been performed. The validity of the data collected from the centres is regularly checked both by intrinsic checkpoints within the database and by external revision. Two epilepsy nurses visit the six centres regularly and compare the data entered into the central database with the original data from the patient files for a random yearly sample of around 25% of the patients operated at each centre. The items controlled in this external revision include side and site of operation, complications, main histo-pathological findings and seizure outcome at the two-year follow-up. So far, there have been no mismatches in the reporting on any of these central items. The Regional Board of Medical Ethics at the University of Gothenburg considered this study a quality control study not necessitating informed consent for research.
In this prospective and longitudinal study all adult patients (>18 years) who had undergone resective epilepsy surgery in Sweden and had both a three-month and a two-year follow up between 1990 and 2009 were included. We compared patients over 50 years at surgery with younger adults (19-49 years) with respect to the following register variables: pre-surgical seizure frequency and social situation, surgical procedures, histo-pathological diagnoses, and two-year follow-up regarding complications, seizure outcome and employment status. Seizure freedom (without or with aura, ILAE class 1 and 2 15 ) is reported for the year preceding the follow-up except for patients with sustained seizure freedom since surgery (Engel 1A and B 16 ), which is separately reported. For patients with continuing seizures or seizure relapse postoperatively, the mean monthly seizure frequency last year of follow-up is categorised as follows: 75% reduction in seizure frequency; 50-74% reduction in seizure frequency; 0-49% reduction in seizure frequency and increased seizure frequency.
Complications are addressed in the register at the time of surgery and at the three-month follow-up. A complication is defined as an unwanted, unexpected and uncommon event after a diagnostic or therapeutic procedure. Hence, an upper quadrant anopia after a temporal lobe resection is not regarded as a complication whereas a visual field defect comprising more than a quadrant is. The severity of a complication is graded as minor if it resolves within three months, and major if it lasts longer than three months and affects the activities of daily living. Significant neurological deficits are also defined as major, even if activities of daily living are not affected as earlier described. 3 
Statistical methods
For descriptive purposes, means, medians, and interquartile ranges were used. For comparison between two groups Fisher's exact test was used for dichotomous variables. All tests were twotailed and conducted at the five per cent significance level.
Results
Between 1990 and 2009, 821 patients underwent resective epilepsy surgery and had a two-year follow up. Of these, 558 patients were adults (>18 years) and 67 of them were 50 years or more at the time of the surgery, constituting 12% of the total adult series or about three older patients operated per year. In order to investigate whether there were any temporal trends, we divided the 20-year study period into four groups of 5 years and found a lower proportion (7%) of older patients during the first period (1990) (1991) (1992) (1993) (1994) , while the proportion thereafter was stable around 14%. Patient data are summarised in Table 2 . It is notable that temporal lobe resections (TLR) predominated even more in the older adults (87% of procedures) than in the younger (77%) although not significantly so (p = 0.11).
The main histo-pathological diagnoses for the two patient groups are summarised in Table 3 .
The only significant difference concerned hippocampal sclerosis which occurred in 49% of the older compared to 28% of the younger patients (p < 0.01).
Seizure outcomes
Sixty-one per cent of the older as well as of the younger patients were seizure free (with or without aura) last year of the two-year follow-up (Fig. 1 ). In the subset of patients 60 years at surgery five of seven (71%) were seizure free last year of the two-year follow-up.
Of the older adults 48% had complete and sustained seizure freedom (ILAE class 1) since surgery compared to 43% of the younger adults (p = 0.51). In addition, 1.5% of the older patients and 6.5% of the younger patients had aura only since surgery (ILAE class 2).
When considering TLR separately the seizure outcomes were approximately the same: 64% of the older patients had been 
Abbreviations: TLR = temporal lobe resection; FLR = frontal lobe resection; P/ OLR = parietal/occipital lobe resection. a Values are mean, (Q1; Q3, range 25th-75th percentiles). Abbreviations: DNET = dysembryoblastic neuroepithelial tumour. seizure free last year of follow-up, 12% had 75% reduction of seizures, 9% had a seizure reduction of 50-74%, 14% had 0-49% seizure reduction and 2% had increased seizure frequency. In the younger patients, 62% were seizure free last year of follow-up; 20% had 75% reduction in seizure frequency, 8% had a 50-74% reduction, 9% had 0-49% reduction and 1% had an increase in seizure frequency.
Complications
Major complications occurred in 3% of patients in each group. In the older patients there was one hemiparesis and one injury of the optical tract plus an infarction of the internal capsule. In the younger patients there were 15 major complications. Among these there were six cases of hemiparesis, one case each of monoparesis of an arm, hemianopia, facial nerve palsy, and occipital lobe infarction. Minor complications occurred in 19.1% of the older patients and in 14.5% of the younger patients. In the subset of patients 60 years at surgery two of seven (26%) had a minor complication, none had a major complication.
Vocational status at baseline and two year follow-up
As illustrated in Table 4 , fewer of the older patients than of the younger were employed at baseline and at group level there was no significant change in employment status at the two-year follow-up.
At the individual level there were, however, some changes in both groups. While 56% of the younger and 39% of the older patients maintained the same level of activity (working or studying), 12% of the younger and 8% of the older patients had gone from not working/studying before surgery to working/studying after two years. At the same time, 18% of the younger and 28% of the older who did not work or study before surgery did not work or study at the two year follow-up either and 11% of the younger versus 13% of the older had gone from working to not working.
Discussion
In this longitudinal population-based study we found no differences in the seizure outcomes or complication rates between younger and older adults after resective epilepsy surgery. In both groups around 60% of patients were seizure free at two-year follow up, and there were actually more patients with sustained seizure freedom since surgery among the older than the younger patients (48% versus 43%). The seizure outcomes are analogous to previous studies addressing the surgery efficacy in older individuals. 4, 5, [9] [10] [11] [12] [13] Most previous reports have focused specifically on seizure outcome after TLR, which also constituted the majority of the resections in our study. The seizure free rates two years after TLR were also quite comparable in older versus younger patients (64% versus 62%). There were some differences regarding etiologies: not surprisingly there were fewer cases of neurodevelopmental tumours and cortical malformations among the older adults. An unexpected finding, however, was the significantly higher proportion of patients with mesial sclerosis among the older patients which we have no explanation for, a difference which has been described in one earlier study. 9 One might speculate that in order to get prioritised for presurgical work-up older patients to a higher degree than younger need to have clear-cut neuroimaging findings.
The literature on outcomes of epilepsy surgery in older adults is quite scarce, we have only found 10 reports on a total of 249 patients (cf Table 1 ). [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The sample size of 67 older patients in the present study is actually the largest to date. It is difficult to compare the results from the present study with those from earlier studies due to different study designs with varying definitions of 'elderly', as well as of seizure outcome and complications. Some studies have not compared the outcomes of older patients with younger. 8, 10, 11 All previous studies have been retrospective and the main focus has been seizure outcome. In the few studies where complication rates after surgery in older patients have been compared with younger, higher rates of complications were found in older than in younger patients. 4, 5 Furthermore there is no commonly accepted classification of complications related to epilepsy surgery which also makes it difficult to compare results. We used our earlier described classification of major versus minor complications 3 in our comparison of complication rates in older and younger adults and found that in this cohort the occurrence of major complications did not differ between the two groups. In the earlier study from the Swedish National Epilepsy Surgery Register a higher complication rate was found in patients older than 35 years. 3 In an ongoing analysis of complications in the Swedish series including all 865 therapeutic procedures 1996-2010 we have confirmed a somewhat higher risk with increasing age, but without any clear cut-off. (Bjellvi, personal communication) Taken together, our data give no support for the notion that an age at surgery of 50 years or more should be a contraindication for resective epilepsy surgery in patients with drug resistant epilepsy.
There are, however, other factors to consider than the risk of surgical or neurological complications. Few studies have compared cognitive outcomes after epilepsy surgery in older versus younger adults. 4, 6, 12, 13 In one study no difference in cognitive outcomes was found between the age groups 12 while the older patients in the other studies had worse postoperative cognitive outcome. 4, 6, 13 In the largest of these series the older patients had a lower baseline performance regarding attention and verbal and visual memory which was discussed in the context of effects of ageing negatively interacting with a predamaged brain. 4 Postoperatively there was significantly more often deterioration and less often improvement especially of the attentional performance in older patients, whereas the younger group had a better profile. 4 In our study, the issue of post-operative cognitive outcome could not be addressed since the Swedish Epilepsy Surgery Register does not include data on cognitive outcomes. In order to make a rough assessment of whether the patients' psychosocial level of functioning had decreased remarkably (which might be one effect of increased cognitive impairment) we investigated employment status in each group and compared the changes in employment status pre-and postoperatively. Although the older patients to a lesser degree were employed at baseline, we found no dramatic changes in employment at the two-year follow-up, indicating that most patients who held employment at baseline were able to do so also two years after surgery. An issue which has recently received considerable attention is the underutilisation of epilepsy surgery although its efficacy has been clearly demonstrated. 1, 17, 18 As shown by the literature and confirmed by our study this seems even more to be the case for patients of 50 years or more. Uncertainties about who should be referred for an epilepsy surgery evaluation have in one study been shown to be a possible cause for the underutilisation of this treatment option. 19 One might speculate that referrals of older patients are even more delayed and underutilised because of misconceptions about the expected seizure and complication outcomes in this group of patients with drug resistant epilepsy.
The strengths of our study include the relatively large group of older patients and the generalisability of the sample, since the Swedish National Epilepsy Surgery Register is prospective and population based. Our study also has several limitations, e.g., we do not have data on cognitive or quality of life outcomes in the register.
Conclusions
This study which comprises the largest sample to date of patients 50 years at surgery compared to younger adults, provides additional information on the efficacy of epilepsy surgery in older patients. The seizure outcomes were as good and the major complication rates were not higher in the older than in the younger patients. Although fewer of the older than of the younger adults were employed at baseline, the rates were relatively stable at twoyear follow-up. Future studies need to include data on cognitive and quality of life outcomes in order to further elucidate the gains and risks of epilepsy surgery for patients 50 years.
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